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INTRODUCTION 



Scolopophorous organs located on the body, as opposed to 
those on the appendages, arc widely distributed among the orders 
of insects. These organs, which are especially common in imma- 
ture insects, are also found in adult Lepidoptera, Hymenoptera, 
Odonata, Diptera, Homoptera, and Heteroptera (Eggers, ’28). 
In some insects they may be highly complex, each organ consist- 
ing of a large number of strand-like sensilla. In this work there 
will be no attempt to review the extensive literature on these 
organs in insects other than the Heteroptera ; however, it may be 
noted here that there have been numerous recent papers on their 
structure, most notably that of Gray ( ’60) on the electron micro- 
scopy of the scolopophorous organs of Locnsia. 



208 



BULLETIN : :MUSEUJI OF COMPARATIXTS ZOOLOGY 



Among the Heteroptera, soolopophorous organs have previ- 
ously^ been reported only in representatives of the Ilydrocorisae 
or totally aquatic bugs. Most earlier vorkers observed them only 
in the mesothorax ; these paired mesothoracic organs were de- 
scribed in the Corixidae (Ilagemann, ’10; Eggers, ’28; Wotzel, 
’33; Schaller, ’51), Pleidae ( Wefelscheid, ’12; Eggers, ’28; Wot- 
zel, ’33), Notouectidae ( Wefelscheid, ’12; Eggers, ’28; Wotzel, 
’33), Naucoridae (Wefelscheid, ’12; Eggers, ’28; Wotzel, ’33) 
and Nepidae (Wotzel, ’33). Similar organs on the metathorax 
were reported by Wotzel (’33) in the Xancoridae and X^epidae. 

A recent survey by Larsen (’57) has revealed that in the 
Ilydrocorisae scolopophorous organs oceur not only in the meso- 
thorax and metathorax bnt also in the first and sometimes the 
second abdominal segment. That author found discolopodial 
organs, each consisting of two sensilla, in the pterothoraxes and 
first abdominal segments of Nepa and Ranatra (X^epidae), Naii- 
coris (X'ancoridae), Aphdocheirus (Aphelocheiridae) , Noionecta 
(Notouectidae), and Corixa (Corixidae). He also discovered 
monoscolopodial organs, each composed of a single sensillum, 
in the first abdominal segments of Corixa and Aphelocheiriis 
and in the second abdominal segment of Aphclocheirus. Each 
.segment containing scolopophorous organs possesses a pair of 
them, one lying on either side. Larsen criticized the theory, 
held by most previous workers, that the heteropteran scolopophor- 
ous organs are tympanal organs, and suggested that they may 
be equilibrium perceptors. 

It now appears that scolopophorous organs in the Heteroptera 
are not limited to the HydrocorLsae. The present author has 
recently been studying the morphology of the shore-dwelling 
bug Gclastocoris ocnlatus (Pabricius), a representative of the 
family Gelastocoridac. This family is considered by China ( ’55) 
and other workers to have arisen as an early offshoot of the 
ancestral Ilydrocorisae, and previous studies of the head (Par- 
sons, ’59), thorax (Parsons, ’60a) and nervous system (Parsons, 
’60b) of Gclastocoris have supported this theory. Gclastocoris 
possesses discolopodial organs in the mesothorax, the metathorax, 
and the first abdominal segment, and a monoscolopodial organ, 
similar to that of Aplielocheiriis or Corixa, in the first abdominal 
segment. In addition, a discolopodial organ occurs in the second 
abdominal segment; to the author’s knowledge, this has not 
been previously observed in any other heteropteran. 
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MATERIALS AND METHODS 

Both the gross and the histological morphology of the gelasto- 
eorid seolopophorous organs were studied. Dissections were 
made upon a large number of adult Gdastocoris preserved in 
aqueous Bonin’s, alcoholic Bonin’s, Kahle’s, E.A.A., or 10% 
formalin. The insects were dissected in 80% alcohol under a ster- 
eoscopic microscope. For histological study, seven gelastocorids 
were serially sectioned, at 7/x, by the paraffin method. These 
individuals were killed just after the adult moult, while their 
exoskeletons were still soft. They were preserved in aqueous or 
alcoholic Bonin’s, F.A.A., or 10% formalin, and were prepared 
for sectioning by means of the Peterfi method. Both trainsverse 
and frontal sections, stained with Mallory's tri|)le connective 
tissue stain, were employed. 

OBSERVATIONS 
Cross Morphology 

The scoIoi)oi)hoi'Ous organs of Gclastocuris consist of one (as 
in the wonoscolopodial organ ^ of the first abdominal segment) 
or two (as in the other organs) sensory sensilla or sculo podia, 
whose histological appearance will be desci-ibed later. In the 
discolopodial organs the two sensilla are united into a common 
strand. The distal end of the scolopophoi’ons organ may attach 
to a membrane on the body wall, as in the thorax and the first 
abdominal segment, or it may terminate upon an nndift'erentiated 
part of the exoskeleton, as in the second abdominal segment. Its 
proximal end, where it joins a sensory nerve, may be closely 
associated with a trachea (as in the thoracic organs) or with 
the endoskeleton (as in the first abdominal segment), or it may 
lie freely within the body cavity (as in the second abdominal 
segment). In the following discussion the seolopophorous organs 
of each segment will be considered separately. 

Mesothoracic seolopophorous organ. The distal end of the 
mesothoracic organ attaches to a membrane which lies on the 
lateral mosothoraeic body wall within the air space between the 
wings and the plenron (Pig. 1, 8M 2). Posteriorly and postero- 
dorsally the membrane is bordered by the postalar bridge {B 2) . 
which is formed by the union of the mesothoi’acie postnotnm and 

1 Th^e tt^rminolo^ry in tlio present paper is that customarily used for the scolo- 
pophorous organs of Heteroptera ; somewhat different terms have been used by 
other authors for other groups of insects. 
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epiraeroii. Ventrally it borders on the epimeron {E 2), while 
anteriorly and anterodorsally it is eontinuous Avith the membrane 
of the forewing {FW). Just anterior to it lies the irregulai’ly 
shaped subalare {S 2). Larsen (’57) has deseribed a similar 
eonneetion of the sensory membrane M'ith the subalar membrane 




Fig. 1. Dorsolateral view of the right side of the pterothorax and the 
first two abdominal segments, showing the location of the sensory mem- 
branes of the discolopodial organs. The wings, the prothorax, and the 
posterior part of the abdomen have been cut off. Membranous areas are 
unstippled. X35. 



in Naiicoris and Notunecta and possibly in Plea; in those insects 
he thinks it possible, but not probable, that the motion of the 
wing may affect the organ. In the other Hydroeorisae examined 
by him the sensory membrane is separated from the wing mem- 
brane by a sclerotized ring. 

The sensory membrane in Gclastocoris is separated from the 
external opening of the metathoraeie spiracle, which lies ventral 
and medial to it, by a longitudinal ridge on the inner surface 
of the epimeron. Larsen ( ’57) has deseribed a similar separation 
of the membrane and the spiracle in Nepa, Naucoris, Ranatra, 
and Aphelochcirus; he found no such separation in Notonecta 
or Corixa. 

The appearance of the sensory membrane (which Hamilton, 
’31, apparently mistook for the metathoraeie spiracle in Nepa) 
is shown in Figure 2A. The point of attachment of the sense 
organ on the membrane appears externally as an indistinct. 
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slightly raised area. This represents the “Ilocker” or “Trom- 
luelfellkorper ” of previous authors. In some specimens a minute 
dark spot can be observed in the center of this raised area. This 
spot may be a very small sclerite, similar to those observed by 
Larsen (’57) in the sensory membranes of many Hydrocorisae. 





Fig. 2. External appearance of the sensory membranes of the right side 
of the body. Heavy stippling indicates heavily sclerotized structures; light 
stippling indicates membranous regions. A, Mesothoracic sensory membrane. 
B, Metathoracic sensory membrane. C, First abdominal sensory membrane. 

Tn the histological preparations, however, the raised area ap- 
peared more as a thickening of the membrane than as a definite 
sclerite. A few indistinct longitudinal folds may be obseiwed in 
the membrane, but the folding is not as pronounced as in the 
mesothoracic sensory membranes of the Hydrocorisae described 
by Wotzel (’33) and Larsen (’57). 

From its point of attachment on the membrane the mesothora- 
eic scolopophorous organ (Z) 2) extends medially and somewhat 
posteriorly into the body cavity, beneath the postnotum (Figs. 
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o. 4). Froxinially its base attaches to a trachea {DT 2) ; a similar 
connection of the base of the mesothoracic scolopophorous organ 
with the tracheal system has been noted by Larsen (’57) in the 
Ilydrocorisae. Since the thoracic tracheal system of GeJastocoris 
shows some peculiarities, it will here be treated in some detail. 



LA P DT2 




Pig. 3. Inner surface of the pterothorax and first two abdominal seg- 
ments, right side, with the terga, wings, and muscles removed to reveal the 
scolopophorous organs, air sacs, and major tracheae. Membranous regions 
and cut edges are unstippled. Most of the tracheae have been cut off near 
their liases, and the distal parts of the air sacs have been removed. X40. 
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The metathoracic spiracle (Fig. 8, ISP) lies in the ventrolateral 
part of the body, at the boundary between the incsothorax and 
the nietathorax. It was incorrectly termed the “mesothoracic 
spiracle” by both Bi-ocher (T!)) and Manlik (’16). Its external 
opening is overlapped and concealed by the extensive ])Osterior 
lobe of the mesothoracie ejiimcron, which has been described in 
a previous paper (Parsons, ’60a). A large, longitudinal lateral 
tracheal trunk (Figs. 8, 4, L) (“spii’acwlar trunk trachea” of 
Hamilton, ’31, and Presswalla and George, ’35: “Langstracheeii- 
stamm” of Larsen, ’57) joins the metathoracic spiracle with the 
more posterior //r.s/ alnlnminal spiracle (“metathoracic spiracle” 




LA L P N2 MA 



Fig. 4. Dorsal view of the right side of the niesothorax and part of the 
metathorax, with wings, terga, and musedes removed. Part of the ineso- 
thoracic postalar bridge has been cut away to reveal the mesothoracie sen- 
sory membrane. The metathoracic spiracle and spiracnlar trachea are here 
concealed by the lateral tracheal trunk, which lies dorsal to them. Only the 
liases of the tracheae and air sacs are shown. Anterior region is sho^^^l at 
tlie left, iiosterior region at the right. X65. 
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of Brocher, '0!), and Manlik, ’1(3). Antei'iorl.y, the lateral tracheal 
trunk extends medial to the inesothoraeie pleural apophysis 
(Pigs. 3, 4, F) and joins the nicsothoracic spiracle (“ protlioracic 
spiracle” of Brocher, ’09, and Manlik, ’16), which lies between 
the prothorax and the mesothorax. 

A very short spiracular trachea connects the metathoracic 
spiracle with the lateral tracheal trunk and also sends off tracheae 
to the inesothoraeie leg and to the sternal area. From the lateral 
tracheal trunk, in the region where it unites with the spiracular 
trachea, arise two large air sacs (Pigs. 3, 4, LA and MA) Avith 
very thin, folded Avails. These sacs are A^ery delicate and are 
easily torn in dissections. Histological preparations reveal that 
they are composed of a folded la3’^er of small cuboidal cells Avith 
a cuticular intima in AAdiich taenidia are either verj^ faint or 
absent. The air sacs are broadl.A^ joined to the lateral tracheal 
trunk and do not arise from a constricted tracheal stalk as do 
the ‘‘Tracheenblasen” of many of the HA'drocorisae described b.A^ 
Larsen (’57). They AA^ere not obserA^ed in histological prepara- 
tions of a nymph Avhich had just moulted from the fourth to 
the fifth instar. These sacs AA^ere collapsed in all the specimens 
examined, and Avere never filled Avith air. 

The lateral air sac (Pigs. 3, 4, LA) arises just lateral to the 
metathoracic spiracle and extends forAvard betAveen the body 
Avail and the pleural apoplpAAsis, adhering closeh" to the latter. 
Anterior to the pleural apoph,ysis it turns medially and becomes 
associated Avith one of the indirect flight muscles, M. mesonoti 
seenndns, to Avhich it sends maiiA' fine tracheoles. The lateral 
and medial Avails of the sac are closely apposed. Air sacs Avith 
a similar position in the body have been described in manj' 
Ilydrocorisae. The lateral air sac of Gclastocoris resembles the 
“bulbous trachea of the mesothorax” of Sphaerodema (Press- 
walla and George, ’35) and is probabl.v homologous Avith the 
“vordere Tracheenblase” described b.A" Larsen (’57) in several 
aquatic bugs. In the majority of Hj^drocorisae a lateral air sac 
lies close to the membrane of the inesothoraeie scolopophorous 
organ; this has been observed in Notonecta (Wefelscheid, ’12; 
Wotzel, ’33; Larsen, ’57), Naucoris (Wotzel, ’33; Larsen, ’57), 
Nepa (Wotzel, ’33; Lar.sen, ’57), Ranatra (Larsen, ’57), and 
Belostoma (Larsen, ’57). The association of the air sac and the 
sensory membrane is partieularlv close in the Corixidae (Hage- 
mann, ’10; Bggers, ’28; Wotzel, ’33; Larsmi, ’57). In Gclasto- 
coris, hoAvever, the lateral air sac lies nt a considerablA" greater 
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clistaiit ‘0 from the sensory membrane than in any of the Ilydro- 
eorisae, and does not appear to be in any way associated with 
it. I^ar.sen (’57) noted that in many of the aquatic bugs the 
latei-al wall of the “vordere Tracheenblase” is more delicate 
than the medial wall. In Gdastocoris, however, no histological 
difference Avas noted betAveen the tAvo Avails. 

Prom the lateral tracheal trunk just posterior to the metathora- 
eic spiracle arises a second sac, the medial air sac (Pigs. 3, 4, 
MA), Avhich extends posteromedially betAveen the mesothorax 
and the metathorax. It passes posterior to the ventral process 
of the second thoracic phragma. The medial air sac lies between 
and sends fine tracheoles to the tergal remotor muscle of the 
middle leg (ilf. noto-coxalis) and the tergal depressor muscle of 
the metathoracie trochanter (ilf. noto-trochantcralis) . Like the 
lateral air sac, its Avails are closely apposed, especially in the 
region behind ilf. noto-coxalis ; in dissections it appears as a broad 
dorso-A'entral sheet separating that muscle from ilf. noto-irodian- 
terahs. Mediallj^ it becomes associated Avith and sends fine 
tracheoles to the dorsal longitudinal flight muscles of the meso- 
thorax, Mm. mcsonoti primus et secundus. 

Arising from the dorsal Avail of the medial air sac, just AAdmre 
the latter joins the lateral tracheal trunk, is a medium-sized 
dorsal trachea, (Pigs. 3, 4, DT 2). This trachea extends dorsally 
and then turns medially, running along the region beneath the 
mesothoraeie po.stnotum and just anterior to the second thoracic 
phragma. Prom its base it sends off a fine trachea {WT 2) to the 
Aving. The base of the mesothoraeie scolopophoroAis organ at- 
taches to the posterior surface of this dorsal trachea, dorsal to 
the fine trachea which runs to the Aving. 

In both its position and its association Avith the mesothoi’aeie 
scolopophorous organ, the dorsal trachea con-esponds to the 
“Tracheenast” described by AVotzel (’33) in the mesothorax 
oi Notonecta. Larsen (’57) has described a “hintere Tracheen- 
blase,” in the mesothoraxes of many Hydroeorisae, Avhich arises 
from the “Langstraeheenstamm” in the same region as does the 
dorsal trachea of Gdastocoris, and which, similarly, lies beneath 
the postnotum. In Notonecta, Ranatra, and Nepa, the mesothora- 
eic scolopophorous organ attaches to the tracheal stalk of this 
posterior air sac. These similarities make it appear probable 
that the dorsal trachea of Gdastocoris, although not an air sac. 
is homologous Avith the “hintere Tracheenblase” of the Ilydro- 
corisae. In Aphdodiciriis aestivalis, according to Lar.sfm (’57), 
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a “hintei'e Tracheenblase” is present in the nymph bnt appears 
in the adult as a trachea which lacks taenidia. This adult trachea 
lies in the same position as does the dorsal trachea of Gelastocoris 
and, similarly, serves as a point of attachment for the base of 
the mesotJioracic scolopophorous organ. 

The medial air sac of Gelastocoris resembles, in its position pos- 
terior to the ventral process of the second phragma and in its 
association with the dorsal longitudinal muscles of the meso- 
thorax, the large trachea ‘‘Tr” of Nepa and Ranatra which is 
figured by Larsen (’57; his fig. 9). It also occupies the same 
position as the sac-like trachea which supplies the dorsal longi- 
tudinal muscles of Notonccta and which Larsen (’57) shows in 
his figure 25. The trachea to which the mesothoracic scolopophor- 
ous organ attaches (the dor.sal trachea of Gelastocoris and the 
“hintere Tracheenblase” of Notonccta) arises from the base of 
the sac-like trachea of Notonccta and from the base of tlie medial 
air sac of Gelastocoris. 

The mesothoracic scolopophorous organ is innervated by a 
branch of nervus mesothoracicus primus (Figs. 3, 4, N 2). As 
has been described in an earlier paper (Parsons, ’60b), this first 
mesothoracic nerve sends a ramus to the dorsal longitudinal flight 
muscles, j\Im. mesonoti primus ct sccunclus. From the base of 
this ramus a branch extends posteriorly, passing medial to the 
promotor muscle of the middle leg, M. noto-trochantinalis, and 
then turning dorsolaterallv, behind the remotor muscle of the 
leg, 31. noto-coxalis. This nerve sends off a fine branch to the 
uotum and then runs laterally, alongside (and often adhering 
to) the dorsal trachea. Near the base of the latter the nerve 
joins the proximal end of the scolopophorous organ, at the point 
at which the organ is attached to the posterior surface of the 
dorsal trachea (Figs. 3, 4, 11). 

3Ietathoracic scolopophorous organ. Like the scolopophorous 
organ of the mesothorax, that of the metathorax attaches distally 
to a membrane {S31 3) lying within the subalar air space (Fig. 
1). This membrane is bordered posteriorly by the metathoracic 
postnotum {PN 3) and ventrally by the epimeron {E 3). An- 
teriorly and dorsally it is continuous with the membrane of the 
hindwing (HW) ; just anterior to it lies the minute subalare 
(Fig. 2B, S). In belostomatids, Naucoris, and Notonccta the 
sensory membrane of the metathorax is siiniliarly continuous 
with the membrane of the wing; in Nepa and Ranatra, however, 
it is sepai’ated from the latter by a sclerotized I'ing (Larsen, ’57). 
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Hamilton (’31) termed this membrane the “false spiracle” in 
Nepa. In Aphclocheirus the metathoraeie scolopophoi’ons organ 
lacks a sensory membrane (Larsen, ’57). 

In most specimens two minute dark spots on the membrane 
indicate the point of attachment of the seolopoplioi-ous organ. 
Whether oi* not these are definite sclerites could not be deter- 
mined. As on the mesothoracie sensory membrane, the point of 
attachment of the sense organ appeal's as a small raised area. 




Fig. 5. Dorsal view of the first two abcloiiiiiial segments and the pos- 
terior part of tlie nietathorax, right side, with the terga, the wings, and most 
of tlie iniiseles removed. Membranous areas and eiit edges are niistippled. 
The distal portions of most tracdieae and the dorsal jiarts of tlie dorso- 
ventral muscdes are eut off. Anterior region is shown at the left, i^osterior 
region at the right. X65. 
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Arranged around tliis point are many finely undulate longitud- 
inal or eoncentric folds (Fig. 2B). The folds are more conspicu- 
ous in the metathoracic sensory membrane tlian in that of the 
mesothorax. 

From the membrane the scoloiiophorous organ (Figs. 3, 5, 3) 

runs medially and somewhat posteriorly to attaeh, like the meso- 
thoraeic organ, on a trachea {DT 3). Larsen (’57) reported a 
similar attachment of the base of the metathoracic sense organ 
on the tracheal system in most Ilydrocorisae (the corixids are 
exceptions). 

In the region of the metathoracic scolopophorous organ of 
Gelasiocoris there are no air sacs; this is also true of the aquatic 
lings (Larsen, ’57). The first abdominal spiracle is surrounded 
by a sclerotized process of the abdomen wliich is fused with the 
metathoracic epimeron (Figs. 3, 5). A short, broad .^piracular 
trachea {TI) joins the first abdominal spiracle with the lateral 
tracheal trunk from the metathoracic spiracle. It also sends two 
tracheae ventrally into the hindleg and, more dorsall.y, gives rise 
to a trachea which passes medially into the region between the 
thorax and the abdomen. From the dorsal part of the area in 
which the latter trachea, the lateral tracheal trunk, and the spir- 
aeular trachea come together, two smaller tracheae arise (Fig. 
5). The larger and more medial of these, the dorsal trachea {DT 
3), corresponds in its position to the dorsal trachea of the meso- 
thorax ; it extends dorsally and then medially, and supplies the 
remotor muscle of the metathoracic coxa, M. noto-coxalis. Like 
the mesothoracic dorsal trachea, it lies just beneath the posterior 
margin of the postnotum. Just lateral to the base of this nieta- 
thoraeie dorsal trachea arises a finer branch which extends an- 
teriorly into the wing (Fig. 5, WT 3). It appears, in some speci- 
mens, as an offshoot of the base of the doi-sal trachea, and is homo- 
logous with the fine me.sothoracic trachea which nins from the 
dorsal trachea to the forewing. 

The proximal end of the metathoracic scolopophorous organ 
attaches to the posterior part of the base of the dorsal trachea, 
and thus occupies the same position as does the mesothoracic 
sense organ. At this point it is innervated by a branch of nervus 
metathoraciciis primus (Figs. 3, 5, N 3). The latter, as has been 
described in a previous paper (Parsons, ’(iOb), consists of two 
main branches, one of which extends posteriorly and then later- 
ally, around the proniotor muscle of the hindleg, 3/. noto-trochan- 
tmahs. In the posteromedial part of the metathorax it sends a 
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ramus to llie tci'giim ; it then passes bet^veen the reinotor muscle 
of the leg and a dorso ventral mnsele, Mm. noto-coxalis et dorso- 
ventralis, respectively, and sends otf a second i-amus to the 
tergum. Laterallv it becomes closelv associated with tlie dorsal 
trachea and follows the latter ventrally to its base, where it 
innervates the metathoracic scolopophoroiis organ. 

Scolopophorons organs of the first abdominal segment. The 
first abdominal segment possesses both a discolopodial organ 
(Fig. 5, D I) and a monoscolopodial organ (M I). Only the 
former attaches to a membrane; the latter ends in the connective 
•tissues of the lateral sternal I’egion (Fig. 8). Larsen (’57) has 
reported a similar situation in both Corixa and Apheloeheirus, 
and was the first author to observe the monoscolopodial organ in 
the Hydrocorisae. In the other aquatic bugs examined by him, 
only the discolopodial organ appears to be present in the first 
abdominal segment. 

The location of the roughly circular sensory membrane {SM 1) 
of the discolopodial organ is shown in Figures 1 and 5. It is 
almost completely surrounded by the tergal exoskeleton of the 
reduced first abdominal segment (1) (according to Larsen, ’57, 
this sclerite con-esponds to the postnota of the thoracic terga). 
Its anteromedial portion, however, is continuous with the mem- 
brane (Fig. 2C, IS) between the thoracic and abdominal terga. 
Larsen (’57) observed a similar connection of the sensory mem- 
brane with the intersegmental membrane in the first abdominal 
segments of all the Ilj’^drocorisae examined by him, with the 
exception of Apheloeheirus. In the latter insect, the sensory 
membrane is completely surrounded by the exoskeleton. 

The sensory membrane is somewhat recessed into the body 
cavity, and its surface curves inward more than do the membranes 
of the thoracic organs. The point of attachment of the scolo- 
pophorous organ appears as a small, somewhat raised area on 
the membrane (Fig. 2C). In most specimens this raised area 
contains one or two tiny dark spots similar to those seen on the 
metathoracic sensoiy membrane, and one individual shows a 
definite, irregularly shaped sclerite here. The sensory membrane 
of the first abdominal segment is approximately the same size 
as that of the metathorax and somewhat smaller than that of the 
inesothorax. Its folds are mostly radially arranged ai'ound the 
point of tei'mination of the discolopodial organ. In the periphery 
of the membrane a fcAv concentric folds are visible. 
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From the membrane the discolopodial sense organ runs medially 
and ventrally, passing just posterior to the first abdominal spir- 
acular trachea (Figs. 8, 5). It attaches to an irregularly shaped 
selerite (Fig. 3, ST) vhieh lies in the posterior part of the peri- 
coxal membrane of the hindleg (CM o). This selerite is much 
more distinct in some individuals than in others. It is movably 
joined, by a membrane, to the sclerotized abdominal process 
which surrounds the first abdominal spiracle, and is probably 
abdominal in nature. On this selerite originates the more an- 
terior of two dorso ventral muscles (Fig. 5, il/Z>) which lie on 
either side of the second abdominal spiracular traeliea (T 11). 
The base of the scolojiophorous organ, and the nerve which inner- 
vates it, run in front of this anterior muscle. 

The proximal ]>art of the monoscolopodial organ of the first 
abdominal segment is joined with that of the diseolopodial oi-gan 
(Figs. 3, 5, 8). Larsen (’57) found a similar close connection 
of the basal ends of the two organs in Corixa and ApJielocJieirufi. 
The monoscolo])Oclial organ is somewhat finer than the discolo- 
podial oi’gan and is difficult to trace. From its point of attach- 
ment on the irregularly shaped ventral selerite it extends latei-- 
ally, running parallel and ventral to the diseolopodial organ 
(Fig. 5). Lateral to the first abdominal spiracular trachea it 
bends ventrally and ends, as in Corixa and ApheJochcinis (Lar- 
sen, ’57), in the connective tissue ventral to the sensory mem- 
brane of the diseolopodial organ (Fig. 8). 

Both scolopophorous organs are innervated by a branch of 
nervus ahdominalis primur: (Figs. 3, 5, 8, N /). This branch, 
which also appears to innei-vate the muscle of the thoracic gland 
(Parsons, ’60b), runs laterally into the region between the thorax 
and the abdomen and tlu*n extends ventrally into tlie area im- 
mediately anterior to the caudal jiart of the metatlioracic peri- 
coxal membrane. ILmt* it runs anterior to the irregularly shaped 
selerite of (he latter membrane, and joins the combined bases of 
the two scolopophorous organs. 

Scolopophorous organ of the second abdominal segment. The 
diseolopodial organ of the second abdominal segment of Cclasto- 
coris differs in several ways from the other diseolopodial organs. 
Unlike the latter, it ends on unmodified exoskeleton i-ather than 
on a membrane. Its distal end, which appears to be sonu'whal 
broader than the rest of the organ, terminates in the hy))odermis 
of the sternum of the second abdominal segment, medial to the 
region where the latter overlies the metathoi-acic coxa, and near 
the posterior border of the segment (Figs. 3. 5). From this point 
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ol‘ attaehment tlie oi-gaii {D II) extends aiiterolalerally and 
soinewliat dorsally; in this respect it also dift'ers from the more 
anterior scolopophoroiis organs, Avhieh extend medially from 
their distal attachments i-athei’ tlian latei*ally. it is veiy difficidt 
to trace tlie course of the second abdominal scolopophoroiis organ, 
both in dissections and in histological prepai’ations, since it runs 
through a large mass of connective tissue. 

Unlike the other scolopophoroiis organs, that of the second 
abdominal segment is not necessarily attached proximally to any 
other structure. In some specimens its base was associated with 
a fine tracheal branch from the .second abdominal spiracle; in 
many others, however, it lay free in the body cavity. None of 
the individuals e.xamined showed any connection between the 
proximal end of the organ and the integnment of the bodj' wall. 

The scolopophoroiis organ is innervated by a branch of iicrvus 
obdomtnalts sccinidus (Uigs. ^3, 5, N II) in the lateral part of the 
body cavity, lateral to the second abdominal spiracle. This nerve 
passes ventrally between the second abdominal spiracular trachea 
and the more posterior of the two doisoventral muscles which 
lie near tiiat trachea. The nerve and the scolopophoroiis oi'gan 
of this segment, unlike those of the ])receding segments, form a 
sharp angle with each other. Also, unlike the nerves to the more 
anterior sense oi-gans, the nerve supplying the organ of the sec- 
ond abdominal segment does not end at the ba.se of the organ but 
branches and continues laterally into the side of the abdomen. 

A scolopopliorous organ has been ilcseribed in the second ab- 
dominal .segment of only one' other hetei-opteran. Larsen ( ’oo ; 
’57) has rc]iorted a monoscoloiiodial organ, in the second abdom- 
inal segment of Aphclocli nnis, ivhieh. like the discolojiodial organ 
of Gclasfocony, attaches distally 1o the ventral body wall. It 
differs from the scolo])ophoroiis organ of Oelasfocoris, however, 
in two major respects: it consists of one laither than two sensilla, 
and its ba.sal end is always associated with a tracheal .sac, of a 
peculiar structure, which lies close to the second abdominal sjiir- 
acle in Aplidocheirus. 

Histological Ob.servations 

In Gchistocoris, each scolopophoroiis organ or scoloparinm 
consists of either one or two sensilla or scolopodia. In the discolo- 
podial organs the tivo sensilla lie side by side, and the boundary 
between them is rarely distinguishable. The sensilla of all five 
scolopophoroiis organs show the same basic histological strneture. 
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Histological preparations reveal that the gelastocorid sensilla are 
composed of three types of cells (Fig. 6) : a distal cap cell (CC) 
(Snodgrass, ’35; “Deckzelle” of Cierman authors; possibly the 
“attachment eelF' of Gray, ’60), an intermediate enveloping 
cell (EC) (Snodgrass, ’35; “Hhllzelle” of German authors). 




Fig. G. Frontal section through the right side of the inesothorax, show- 
ing the mesothoracic discolopodial organ aiid its relation to the dorsal 
tratdiea and sensory membrane (reconstructed from several consecutive serial 
sections). Sclerotized structures are shown in solid black. I.ateral region 
is at the right, medial region at the left. X4-o. 

and a proximal, basal sensory cell (SC) (Snodgrass, ’35; “Sin- 
neszelle” of German authors). Between the enveloping cell and 
the cap cell lies a s})indle-shapcd sensory rod or scolops (SL) 
(Snodgrass, ’35; “ Stiff’ of German authors; “scolopale” of 
Gray, ’60). The appearance and position of these elements in 
the sensillnm corresponds, in general, to the descriptions of pre- 
vious authors (Eggers, ’28; Wotzel, ’33; Larsen, ’57) who 
examined other lleteroptera by means of the light microscope. 
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In the discolopodial organs of the mesothorax, metathorax, and 
first abdominal segment, the two cap cells of the paired sensilla 
attach to sensory membranes. In a few preparations the endings 




Fig. 7. Detail of the point of attaclmient of the first ahdoiiiiual discolo- 
podial organ on its sensory inembrane. Frontal section. X400. 




Fig. 8. Cross section through the lateral part of the first abdominal seg- 
ment, in the region of the discolopodial and inonoscolopodial organs (recon- 
structed from several consecutive serial sections). Lateral region is shown 
at the left, medial region at the right, dorsal region at the top, ventral 
region at the bottom. X22.a. 
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of the two seusilla upon the membrane are distinct from one 
another ; in most sections, however, the sensilla lie so closely 
together that only a single ending of the scolopophorons organ is 
evident (Pig. 7). There appeai-s to be little, if any, increase 
in the number of hypodermal cells around the area of attach- 
ment. Although the point of attachment is not greatly tlift'er- 
entiated, the cnticula of the membrane in this region usually 
appears somewhat thicker and more lightly stained than the 
surrounding euticula, and is slightly raised above the level of 
the surrounding membranous folds. 

The cap cell of the first abdominal monoscolopodial organ 
appears to branch into many fine processes in the ventral part 
of the abdominal body cavity, just beneath the meinlirane of 
the first abdominal discolopodial organ (Fig. 8). In this area, 
and throughout the abdomen, lie many large cells {LC) with 
deeply staining nuclei containing large chromatin granules. 
Their granular cytoplasm stains gray in Mallory’s triple connec- 
tive tissue stain and sometimes contains small vacuoles. These 
cells, which are spherical or oval in form, usually occur in 
clumps. The fine branches of the cap cell of the monoscolopodial 
organ seem to be continuous with the connective tissue {CT) in 
this region and to be closely associated with these clumps of large 
cells; the.y appear to end eventually in the hypodermis of the 
venti'al body wall. 

The discoloiiodial organ of the second abdominal segment also 
terminates in the hypodermis of the body wall. Unlike the more 
anterior discolopodial organs, however, it is not associated with 
a memljrane and the exo.skeleton overlying the point of attach- 
ment is not modified in any way. The two sensilla could be traced 
to their point of termination in approximately half of the sense 
organs examined histologically; one prepai-ation (Fig. 9) shows 
a clear two-part separation of the sensilla in this region. 




Fig. 9. Detail of the point of attachment of the seeomt abdominal dis- 
eolopodial organ in the hypodermis of the second abdominal stcniite. XIOOO. 




PAKSOXS : SCOLOPOPllOROUS ORGANS 



99 



0 



In the seiisilla of all five organs, the very elongate eap cells 
possess a fibrillar, lightly-staining cytoplasm and elongate nuclei 
(CN) which contain few chromatin granules of various sizes 
(Fig. 10). According to Eggers (’28), both the cap cell and the 
enveloping cell I'epresent modified su))porting cells. The position 
of the nucleus of the cap cell in Gelastocoris is extremely variable ; 
this variation is evident not only among different individuals 
but between the scolopophorous organs of the two sides of one 
specimen, or between the two sensilla of a single scolopophorous 
organ. The nucleus may lie anywhere within the cell; it is, how- 
ever, more commonly present in the proximal half than in the 
distal half of the latter. Larsen (’57) has pointed out this varia- 
tion in the position of the nucleus in the cap cells of Aphelo- 
cJieirus. 




Fig. 10. Detail of part of the right niesothoracic discolopodial organ. 
Frontal section through the body, taken in the region of the scolops. 



Proximal to the cap cells lie the elongate but shorter enveloping 
cells (Figs. 6, 10). Although Larsen (’57) reported a more 
alveolar, lighter-staining cytoplasm in the latter than in the 
former, the fibrillar cytoplasm of the enveloping cells stains 
considerably darker than that of the cap cells in Gelastocoris. 
The boundary between the cap and enveloping cells is not clear 
in any of the preparations ; it lies somewhere at the level of the 
scolops. The elongate nucleus of the enveloping cell {EN) is 
located just proximal to the scolops. In the discolopodial organs 
the nuclei of the two enveloping cells lie at approximately the 
same level. 

The scolops is a spindle-shaped body staining a deep red in 
Mallory’s triple connective tissue stain. Its form is similar to 
that described in many Hydrocorisae by previous authors (Fig. 
10). Cross sections through the scolops reveal that it is hollow, 
with a slender process running through its center from the 
proximal to the distal end. The two ends and the medial, some- 
what indented central ])ortion of the scolops are encircled by 
thickened rings. Between these rings the walls of the scolops 
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are thinner and appear to be composed of five or six ribs which 
run iiarallel to the longitudinal axis of the scolops. This appear- 
ance of the scolops is in general agreement Avith the preA’ious 
descriptions of llagcmann (’10; Corixa), Wefelscheid (’12; 
Plea), and Eggers (’28; Plea and Corixidae). 

The proximal part of the scolops is surrounded, in most prep- 
arations, by a A’acuolar space (Pig. 10) which is jirobably an 
artifact (Gray, ’60). In the discolopodial organs, the scolopes 
of the two sensilla lie either side by side or one slightly distal to 
the other. The scolops of the mono.scolopodial organ in the first 
abdominal segment is located just ventral to the scolopes of the 
discolopodial organ of that segment. The .slender central process 
of the scolops continues proximally through the vacuolar space 
and the region of the enveloping cell, and appears to extend into 
the sensory cell area. This proximal strand (Pig. 10, A) repre- 
sents the “ Achsenfaden” of previous authors. 

Gray’s ( ’60) recent electron microscope study of the abdominal 
tympanal organ of Loeusta, has revealed much concerning the 
fine structure of the scolops. The latter, which he termed the 
“scolopale, ” is an intracelhdar, fibrous structure Avithin a 
“scolopale cell.” The “scolopale cell” may correspond to the 
eiiA’eloping cells of the present study, but this is uncertain ; the 
electron microscope reveals more cells in the sensillum than does 
the light microscope, and their appearance is considerably differ- 
ent in Loeusta and Gelastocoris. Gray confirmed the obserA’ation, 
made in the present study, that the Avails of the scolops are com- 
posed of thickened rods ; he further observed that these rods may 
branch. Pitting oA’er the distal end of the “scolopale cell” is an 
extracellular, fibrous “scolopale cap.” This cap, along Avith the 
merged distal ends of the “scolopale rods,” probably corresponds 
to the di.stal thickened ring observed in the scolops of Gelastocoris, 
Avhile the fusion of the proximal ends of the rods prodiices the 
most proximal ring. The electron microscope shoAvs that the 
dendrite of the sensory cell ends Avithin the base of the scolops. 
and from its point of termination a cilium projects distally into 
the “scolopale cap.” This cilium probably corresponds to the 
.slender central process observed in the scolops of Gelastocoris. 
Gray described a system of branching rootlets at the base of 
the cilium. These rootlets extend proximally, Avithin the den- 
drite, nearly to the nucleus of the sensory cell ; they probably 
represent the “ Achsenfaden” of the present study. 
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111 some preparations of Gclasfocoris a distal process from the 
seolops eoiild be observed rniiiiiiig for a short distance through 
the region of the eap eells. Whether this process (the “End- 
fadeii’’ of previous authors) extends to the distal end of the 
cap cells could not be determined ; if so, it is much finer and 
more difficult to see distally than proximally. Eggers (’28) 
considered the seolopoplioroiis organs of the Ilydroeorisae to be 
“amphinematie,” a term used for organs whose “Eiidfadeii” 
extend all the waj^ to the integiiineiit. Wotzel (’33), however, 
reported that the Hydroeorisae lack ^‘Endfaden” and thus pos- 
sess “moiionematic” seolopoplioroiis organs. Larsen (’57), al- 
though unable to trace the ‘‘Endfaden” to the end of the eap 
cells in most of his preparations of Ilydroeorisae, believed them 
to be present in all. Gray’s ('60) study, unfortunately, offers 
no hints as to the nature of the ‘‘Endfaden.” 

At the base of the sensillnm lies a large sensory cell (Figs. 
6, 11, SC) with granular, lightly-staining cytoplasm and a I’ound 
iiiieleiis containing few chromatin grannies. In the discolopodial 
organs the sensoiy cells of the tivo sensilla lie close together and 
are surrounded by supporfivrj cells (Pig. 11, SUP) (‘‘akzes- 
sorisehe Zellen” or “ Iliillzelleii ’ ’ of previous authors). The 




Fig. 11. Detail of the base of the left niesothoraeic discolopodial organ. 
Frontal section through the body. Anterior region is sho\vn at the bottom, 
posterior region at the top. X975. 



latter, which form a sort of capsule (“ Iliillsehieht” of Wotzel, 
’33) around the two sensory eells, are t^ariable in size. They are 
smaller than the sensory eells and their nuclei are richer in 
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chroniatin. Both the seiisoiy and the supporting eells are en- 
elosed by a ni('ml)rane wliieh is continuous with the neiii-ileinma 
of the nerve innervating the srolopophorons organ. The bases 
of the inesothoraeie and inetathoracie scolopopliorons organs, 
which lie beside traclieae, are connected to the latter by fine 
processes from the sn})]iorting cells (Fig. 11), and the combined 
bases of the monoscolojiodial and discolopodial organs in the 
first abdominal segment (Fig. 8, I)M 1) are similarly attached 
to the sternum. 

In two of the seven sectioned specimens, a fine nerve (Fig. 
12, N) was observed eoming off from the area of the sensory cells 
at the base of the metathoracic seolopophorous organ. This was 
clearly seen on both sides of one individual ; in the second, vdiieh 




Fig. 12. Detail of tlie base of the left metathoracic discolopodial organ, 
showing the slender nerve which arises from this region. Cross section 
through the body, taken posterior to the point at which the discolopodial 
organ attaches to its sensory membrane. Dorsal region is shown at the right, 
ventral region at the left, medial region at the top, lateral region at the 
bottom. X700. 



was poorly preserved, it appears to be present on at least one 
side. The nerve, which is much more slender than the scolopo- 
phorous organ, leads to a large cell (C) which i-esembles, in its 
size and staining properties, the sensory tadls of the sensilla. 
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Grouped around this cell are several smaller cells resembling the 
sni)porting cells at the base of the seolopophorons organ. Distal 
to the large cell the nerve sends slender hranches through the 
connective t issues to the hypodermis in the region of the axillary 
cord (HA), ])osterior to the point of termination of the scolo- 
pophorons organ on its membrane. Wotzel (’83) observed a 
fibrous “Strang,” as.soeiated with the metathoracie seolopophor- 
ous organs of Naucoris, which resembles this nerve in Gclastocoris 
and which contains a similar large and apparently sen.soi-y cell, 
Tn Naucoris the “Strang” appears to be considerably longer 
than the nerve of Gelastocoris and to run elosei* and more parallel 
to the seolopophorons organ. According to Wotzel, the processes 
at the distal end of the “Strang,” which run to tlie hypodermis, 
end very close to the point of attachment of the seolopophorons 
organ. In Gelastocoris, the fine processes distal to the large cell 
appear to meet the integument at a point more distant fi'om 
the termination of the seolopophorons organ. 

In the first abdominal segment, the sen.soiy cell of the mono- 
scolopodial organ lies beside the two sensoiy cells of the discolo- 
podial organ (Fig. 8). All three cells appear to be snrrounded 
by a common layer of supporting cells and innervated by the 
same nerve. In many preparations a broad ligament was ob- 
served connecting the bases of the two seolopophorons organs 
with the irregularly shaped selerite of the posterioi* pericoxal 
membrane, which has been previously described. The monoscolo- 
podial organ separates from the discolopodial organ at approxi- 
mately the level of the nuclei of the enveloping cells. 

The base of the discolopodial sense organ of the second ab- 
dominal segment, unlike that of the first segment, is not connected 
with the integument but lies free in the lateral part of the body 
cavity. In approximately half of the preparations in which the 
base of the organ eould be observed clearly, it was not associated 
with any other structnre in the body cavity; in the re.st, it lay 
close beside a fine trachea from the second abdominal spiracle. 
Two of the latter specimens showed some attachment of the 
sensory cell area to the trachea by means of processes from the 
supporting cells; in the other preparations the basal pai-t of the 
seolopophorons organ lay beside the trachea but was not attached 
to it. The occurrence of an attachment with a trachea appears 
to be quite variable; the two specimens in which a eonneetion 
was observed showed this condition only on one side of the body. 
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DISCUSSION 

Previous studies ou the anatomy of the head (Parsons, ’50), 
the thorax (Parsons, '60a), and the nervous system (Parsons, 
’60b) of Gclastocoris have revealed a marked morphological sim- 
ilarity between this insect and the aquatic bugs or Hydrocorisae. 
These similarities support the theory of China (’55) and earlier 
workers that the Gelastocoridae and the aquatic Heteroptera are 
closely related phylogenetically. The presence of seolopophorous 
organs in Gclastocoris may provide additional morphological evi- 
dence in favor of this theory. Larsen (’57) has reported that 
similar organs have not yet been described in either the terres- 
trial bugs (Geocorisae) or the semi-aquatie forms (Amphibi- 
corisae), and he was unable to find them in representatives of 
those two groups (further research may, of course, reveal their 
presence in the latter). The terrestrial and semi-aquatic bugs 
also lack mesothoracie air sacs, and in them the subalar air space 
is either absent or poorly developed (Larsen, ’57) ; in Gclasto- 
coris the air spaee is well developed, and air saes, although not 
inflated, are present. 

The seolopophorous organs of Gclastocoris are, in general, 
very similar to those of the aquatic bugs. The position and ap- 
pearance of the sensory membranes of the three anterior discolo- 
podial organs, and their location within the subalar air space, are 
the same in Gclastocoris as in the Hydrocorisae. The basal at- 
tachment of the pterothoraeic organs upon tracheae, which has 
been noted in Gclastocoris, is also found in most aquatic bugs 
(Larsen, ’57) ; similarly, in both groups the seolopophorous or- 
gans of the first abdominal segment attach proximally upon the 
sternum. Histologically, the sensilla of Gclastocoris are nearly 
identical with those of the Ilydroeorisae as described by other 
authors. The monoscolopodial organ of the first abdominal seg- 
ment of Gclastocoris, which has been previously reported in only 
two aquatic Heteroptera, Corixa and Aphelochcirus, is similar 
in all three of these insects. 

In two respects the seolopophorous organs of Gclastocoris dif- 
fer from those of the aquatic bugs. Pir.st, the arrangements of the 
tracheal system in the mesothorax is unlike that of any of the 
Hydrocorisae thus far described. On the basis of the tracheal 
system and its relationship to the mesothoracie seolopophorous 
organ, Larsen (’57) grouped the Hydrocorisae into three main 
categories. In Nepa, Eanatra, Bclostoma, Naacoris, and Noto- 
nccta, two air sacs are present, a “vordere” and a “hintere 
Traeheenblase” ; the former lies elo.se to the membrane of the 
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scolopopliorous orj^aii, although it is not intimately associated 
with it. The lateral air sac of Gelastocovis, which is pi-obably 
homologous with this “vordere Trachcenblase, ” does not lie 
anywhere near the membrane. Also, the probable homologne of 
the “hintere Tracheenblase,” the dorsal trachea of Gelastocoris, 
is not developed into an air sac. In Aphelocheirus, which falls 
into Larsen’s second category, air sacs are absent in the adults 
of at least one species (A. aestivalis) although they are present 
in the nymphs. Gelastocoris, on the other hand, shows air sacs 
in the adults but not in the nymphs. In Corixa, which forms 
Larsen’s third category, an air sac corresponding to the “hintere 
Traeheenblase” of the other Ilydrocori.sae is intimately associated 
with the sensory membrane of the mesothoracic scolopophorous 
organ. No such intimate association of an air sac with the mem- 
brane was observed in Gelastocoris. 

A second difference from the Hydroeorisae is the occurrence, 
in Gelastocoris, of discolopodial organs in the second abdominal 
segment. Only Aphelocheirus po.sse.sses scolopophorous organs 
in that segment, and in that insect, as has been previously noted, 
the organs are monoscolopodial and, unlike those of Gelastocoris. 
associated with a tracheal sac. 

The function of the scolopophorous organs in the Hydroeorisae 
Ls, as yet, not definitely established. Larsen (’57) has presented 
a thorough and critical discussion of this problem, and the readei* 
is referred to his paper for an extensive review of the literature 
on the subject. Most previous workers have considered the seolo- 
pophorous organs of the aquatic bugs to be tympanal hearing 
organs. This view is supported by the fact that in such groups 
as the Orthoptera, Lepidoptera, and Homoptera, sense organs 
resembling the pterothoracic and first abdominal discolopodial 
organs of the Heteroptera and, like them, attaching to mem- 
branes, are almost certainly sound perceptive. Also, many 
aquatic bugs such as the Corixidae, Naucoris, Plea, and Ranatra 
are known to stridulate (Larsen, ’57). 

Ilagemann’s (’10) experiments upon Corixa led him to con- 
clude, with some reservations, that the corixid mesothoracic scolo- 
pophorous organ could perceive sound. Wefelscheid (’12; Corixa 
and Plea) and Sehaller ( ’51 ; Corixa) also considered the meso- 
thoracic organ to be a tympanal organ, and Wotzel (’33) be- 
lieved the morphology of the scolopophorous organs in the Ilydro- 
corisae to indicate that they are sound-perceiving structures. 
Eggers (’28), however, was uncertain as to whether they could 
be considered true tympanal organs. 
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Larsen (’57) has criticized the theory that the three anterior 
pairs of discolopodial organs in tlie Ilydrocorisae are tympanal 
(he did not discuss the possible function of those seolopophorous 
org’ans which are not attached to membranes). He noted that 
an increase in the internal body pressure of a water bug causes 
the seolopophorous sensory membranes to bulge outwards, where- 
as other membranes, such as the subalar one, are unalfected by 
internal i)ressure changes. Such a reaction, he felt, indicates 
that the sensory membranes are not tympanal. He also pointed 
out that the membranes of the tympanal organs in other insects 
arc tightly stretched, whereas those of the seolopophorous organs 
in the Ilydrocorisae (with the exception of the corixid meso- 
thoracic organ) are not tightly stretched but folded. Only in 
the inesothorax of the Corixidae, he believed, is there reason to 
presunn' that the seolopophorous organ has a sound perceptive 
function . The highly complex structure of the membrane of 
I he corixid mesothoracie organ, which differs considerably from 
that of other Hydroeorisae, has been described by many anthors 
(Hagemann, ’10; Wefelseheid, '12; Eggers, ‘28; Wotzel, ’33; 
Sehaller, ’51 ; Larsen, ’57). 

Larsen (’57) has proposed another possible function for the 
scolopophoi-ous organs of the Hydroeorisae, that of orientation 
perception. He cited the facts that the sensory membranes of 
the three anterior pairs of organs all face extei-nally onto a com- 
mon subalar air space, and that they bulge outwards in response 
to an increased pressure from the internal body fluid. He further 
pointed out that the sensory membranes are bilaterally paired 
and arranged antero-posteriorly along the body. Larsen pro- 
posed that the pressure of the body fluid upon each of the mem- 
branes would vary according to the orientation of the body. He 
reasoned that those membranes lying at a lower level with re- 
spect to gravity would be subjected to more pressure from the 
internal body fluid than those higher up, and would, conse- 
quently, bulge further outwards, producing a greater tension 
upon the seolopophorous organs. 

The discovery of seolopophorous organs in Gchistocoris does not 
shed much light upon the problem of their function. No experi- 
ments have been carried out to determine whether or not this 
insect is .sensitive to sound. Stridulation has never been re- 
ported in Gelasiocoris, and the author has never observed it in 
animals kept under laboratory conditions. However, stridulation 
has also not been demonstrated in some of the aquatic bugs ])o.s- 
.sessing seolopophorous organs. Larsen’s ])roposal that these 
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organs may detect cliaiiges in the Ijody’s orientation appears, 
to the ])resent autlior, to be somewhat (|uestionable. Obviously, 
the problem of the function of the seolopophorons organs in Gelas- 
focon's, as in tlie Hvdrocorisae, cannot be resolved on the basis 
of morphology alone but requires, as Larsmi (’57) has pointed 
out, further experimental work. 

SUMMARY 

Paired seolopophorons organs, similar to those described by 
other authors in the aquatic Ileteroptera (Hydrocorisae), are 
present in the mesotliorax, the inetathorax, and the first two 
abdominal segments of the shore-dwelling heteropteran Gelasto- 
coris oculafita (Fabricius). The j)terothoraeie and first abdominal 
segments contain discolopodial organs, each composed of two 
sensory sensilla, which attach to membranes located on the body 
wall Avithin the subalar air space. The first abdominal segment 
also possesses a pair of monoscolopodial organs, terminating in 
the connective tissue in the ventral part of the abdomen, each 
of which consists of a single sensillum. The gross and histological 
morphology of these organs is similar to that of the scolopophor- 
ous organs of the Hydrocorisae, as described by previous authors. 
In addition, Gclastocoris ijossesses, in the second abdominal seg- 
ment, a discolopodial organ which terminates on the sternum and 
is not associated Avith a membrane. Such an organ has not yet 
been reported in the Ileteroptera. It differs from the second 
abdominal seolopophorons organ of ApJiclochcrrus since it con- 
tains tAA^o rather than one sensilla and is not necessarily asso- 
ciated Avith the tracheal system. 

The presence of these organs in Gelastocoris supports the 
theory of China (’55) and other authors that the Gelastocoridae 
are closely related to the Hydrocorisae. Comparable organs 
appear to be absent in the semi-aquatic and terrestrial bugs. 

The function of the seolopophorons organs of Gelastocoris is 
unclear. They may be invoh'ed Avith hearing or Avith orientation 
perception ; previous authors have proposed these as tAvo possible 
functions for the seolopophorons organs of the Hydrocorisae. 
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EXPLANATION OF FIGURES 

In tlie fijjures, tlie mimbcr ^^2^^ after an abbreviation indicates a ineso- 
thoracic strnctnre, while a ^^3^^ indicates a inetathoracic stnictnre. The 
numerals and indicate structures of the first and second abdomi- 

nal segments respectively. 

The abbreviations used are as follows: 



A ~ proximal strand of scolops 
Achsenfaden’’) 

B - postalar bridge 
C- large cell in nerve from base of 
metathoracic scolopophorons organ 
CC - cap cell 

CM - pericoxal membrane 
CA — nucleus of cap cell 
Cr - connective tissue 
CX - coxal cavity 
/> - discolopodial organ 
D2l 1 ~ combined bases of discolo- 
podial and monoscolopodial organs 
of the first abdominal segment 
dorsal trachea 
E - epimeron 
AC - enveloping cell 

nucleus of enveloping cell 
ES - episternum 
EX - exoskeleton 
F - f urea 
FW - forewing 
11 - hypodermis 

- hypodermis in region of meta- 
thoracic axillaiT cord 
nW - hindwing 

IS - intersegmental membrane be- 
tween thorax and abdomen 
L- lateral tracheal trunk 
LA - lateral air sac 
/vC- large cells in abdominal con- 
nective tissue 



d/ - monoscolopodial organ 
MA “ medial air sac 
d/7) - dorsoventral muscles of second 
abdominal segment 
d/5-d/. eoxa-suhalavis 
X - nerve 

X S — nervns mesoihoraeicus primus 
X 3 - nervus metaihoraeicus primus 
X I - iicrrus ahdominaJis jyriinus 
X II - nervus ahdoinivalis secu7}dus 
XM - notum 
/^-pleural apophysis 
PE - prealar membrane 
PM - parapsidal membrane 
PX - postnotum 
P - pleural ridge 
S - subala re 

- subalar membrane 
SC - sensory cell 
SL - scolops 

SM - sensory membrane of discolo* 
podial organ 

6'P - metathoracic spiracle 
5T- irregular sclerite in metathor- 
acic pericoxal membrane 
SUP - nucleus of supporting cell 
r - spiraeular trachea 
T X - trochantin 
/I'T- trachea to wing 
7 - first abdominal segment 
7/ -second abdominal segment 
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